Abstract. An early-warning and explosion-proof monitoring system for coal mine environment is designed based on ZigBee, in view of the underground special environment. The underground system, with CC2530 + CC2401 chip as the core of ZigBee node, realizes communication with upper computer through CAN bus by the central controller. Upper computer uses the Labview software to program and realize real-time display of the coal mine parameters including CH4, CO, O2 concentration, temperature and humidity and personnel coordinates. The early warning technology based on fuzzy logic algorithm, explosion-proof technology based on physical isolation are adopted to this system. A kind of RSSI weighted centroid algorithm mixed with LQI was put forward. Experiment proved that this system runs stably, improving the personnel positioning accuracy and has a good prospect of application.
Introduction
The coal mine environment is a flammable and explosive dangerous place. In the coal mine there are also toxic gases such as carbon monoxide, sulfur dioxide, and hydrogen sulfide in addition to explosive gas. These gases can cause poisoning and even death. While The existence of harmful gases, such as ammonia, carbon dioxide, although these gases are non-toxic, but it lead to physical discomfort, and even suffocation. In China coal mine accidents, gas accidents accounted for more than 60%, including gas outburst and explosion, asphyxiation(Mainly caused by Carbon dioxide), Poisoning (mainly caused by carbon monoxide) and so on [1] [2] [3] [4] .
The coal mine gas is composed of coal bed gas, which is produced in the process of coal formation and metamorphism. The coal mine gas is a tasteless, non-toxic, flammable, explosive gas. Mine gas is mainly methane, also includes some hydrocarbon gases and rare gases, sometimes referred to as methane (biogas). The explosion range of gas concentration is 5%-16%, at 9.5%, the maximum explosive force. The ignition temperature of gas explosion is 650℃ to 750℃, and need not less than12% oxygen concentration. Although the gas explosion limit concentration is 5%, but when the mixed gas containing coal dust and other impurities, and bing also affected by the fire properties and gas pressure in the coal mine, the gas concentration caused the explosion is significantly lower than the theoretical limit value. In order to ensure the safe operation in the coal mine. Coal safety regulations clearly indicate that the gas concentration is not higher than 1%, the temperature is not higher than 40 ℃, once appear excessive, immediately for treatment [4] .
China is a country with a lot of coal mine disasters, and the improvement of monitoring technology in coal mine is urgent. At present, the cable system is mainly used in the monitoring of underground coal mine, which has many shortcomings such as complicated wiring, poor flexibility and expansibility, high maintenance cost and so on. ZigBee network technology with the advantages of its low cost, large capacity, reliable data transmission and other aspects is applied in a variety of WSN technologies. At present, ZigBee technology has been applied in the field of coal mine monitoring [5] . However, there are many disadvantages, such as poor real-time performance, limited communication distance, communication is easy to conflict due to node density, personnel positioning accuracy is not high, these systems stay at the alarm level and lack of explosion-proof measures.
System Overall Design

System Constitution
The section headings are in boldface capital and lowercase letters. Second level headings are typed as part of the succeeding paragraph (like the subsection heading of this paragraph).
The overall design of the system is shown in Figure 1 , which is mainly composed of the underground ZigBee network (including mobile node, fixed node, the main controller) and the overground monitoring platform. The mobile node (unknown node) by underground staff wear at the waist, mainly is used for personnel positioning, while for the acquisition of personnel near the gas concentration and body moving status parameters. The fixed node (anchor node) is mainly responsible for collecting and forwarding data. The main controller (Coordinator) is placed in the well, which is the communication medium between the well monitoring center and the underground ZigBee network. The well monitoring platform is used to analyze and display the data which is transmitted in the underground, to send out the alarm, to carry out the task operation and so on. The server is used to store data. 
System Topology and Workflow
The topology of the system is shown in Figure 2 , and 3 layer topology and cluster of 3 levels are formed. The underground information is transmitted to the main controller, and then connected to the monitoring center by the CAN bus. The first cluster head is the main controller, and the second cluster head is a part of the fixed node, and the third cluster head is a part of the mobile node. High level netework contains the cluster head of low level notework. The first layer: the second cluster head establish communication with the first cluster head, longer distant second cluster heads to choose the other second cluster heads for routing to establish a connection.
The second layer: first of all, the second cluster heads broadcast information to the surrounding. The general fixed node and the third cluster head according to the relative distance between the second cluster heads choose whether to join the cluster. The general fixed nodes are selected as cluster heads with the third cluster heads in the same way. Add redundant second cluster head using wireless network card dynamic mechanism, can replace the failure of the second cluster heads.
The third layer: underground workers form multiple clusters. According to the number of residual energy and the distance from other members in a cluster, the third cluster heads are selected. The third cluster head receives the message sent by the general mobile node in the time slot is allocated by the general mobile node, so as to avoid the mobile node to send information at the same time to produce a conflict. When the third cluster head energy decreased to 75%, to re-select a general mobile node acts as the new third cluster head.
Node Hardware Design
The CC2530 chip has powerful 5 channels DMA, accurate digital RSSI / LQI, battery monitor and temperature sensing function, support 5 kinds of working mode, such as receiving, sending, sleep and so on, provide the link quality of the 102dB, have good receiving sensitivity and robustness. At the same time, considering the poor communication quality of the underground environment, the power amplifier chip CC2401 to improve the communication quality is added.
Mobile Node
The structure of the mobile node is shown in Figure 3 , which is composed of a sensor module, a processor module, a transmitting module and an energy module. The gas concentration sensor MJC4_3.0L,acceleration sensor MMA7360,rechargeable lithium battery power supply are selected in the mobile node structure. The gas sensor MJC4_3.0L output voltage is mV level, which cannot be directly A / D conversion, so select the LM324 amplifier circuit, which shown in figure 4.The output signal of the gas sensor passes through two voltage followers which play the role of buffer and isolation, and then through the negative feedback amplifier, the V level signal is obtained, and then into the A / D conversion module of the main chip. 
Fixed Node
The composition of the fixed node is similar to that of the mobile node,gas sensor MJC4_3.0L, carbon monoxide sensor 7EFF, oxygen sensor KE-25,temperature and humidity sensor DHT91 are selected, and adopt dual power supply mode.
There is AC power supply in coal mine,so select the input range is 165V-265V, and the output is 5V/1000mA switching power PS7W5D is designed to the dual power supply circuit.
As shown in Figure 5 , the AC voltage is converted to 5V DC voltage, then the DC voltage is connected with the lithium battery. When using AC power supply, the P channel MOSFET transistor Q1 gate voltage is higher than the source voltage, in a disconnected state, at the same time, the voltage of the battery power supply is disconnected, AC power supply to the node and charge the lithium battery. When the AC power is off, the Q1 is in the on state, Powered by battery for node.
Main Controller
The main controller is composed by CC2530+CC2401 module, CAN controller, CAN transceiver and so on, the CC2530+CC2401 module complete the convergence of ZigBee network information in the coal mine, and upload the information to the well monitoring platform through the CAN bus [5] .
As shown in Figure 6 ,the electrical isolation between the CAN controller MCP2515 and the transceiver PCA62C250 is realized by using the photoelectric coupler to enhance the anti-interference ability of the CAN bus. The CANH and CANL of the transceiver and the ground are connected in parallel with a small capacitor to filter high frequency interference on the bus, and parallel LED provide buffer protection when voltage transients. 
Software Design Section Software Design of Well Monitoring Platform
The well monitoring interface is shown in Figure 7 , which is completed in the Labview environment, and the background database (SQL2000) is used to store the data and operation records. 
Node Software Design
The software design of ZigBee node is completed in the integrated development environment IAR Embarrased Workbench(referred to as EW). Figure 8 is the transfer process of gas concentration information in the general mobile node. 
Localization Algorithm
The system uses the RSSI algorithm of LQI to get the distance between the mobile node and multiple fixed nodes, and then obtains the coordinate of the mobile node by the weighted centroid algorithm [6] [7] [8] [9] [10] . Thespecific steps are as follows: 1)Measured the actual RSSI and LQI with distance decay curve in the roadway, and then the sub-linear approached respectively;
2)Selecting some typical location of roadway to multiple measurements of a set of RSSI and LQI values and record the maximum fluctuation of  RSSI and  LQI; ,and through the  RSSI to correct;
4)The mobile node selects the nearest 3 fixed nodes ) , ( ), , ( ), , (
, obtained by third steps and through weighted centroid operation to get its own coordinates,the formula is as follows: 
Warning Section
The signal detected by the sensor is random, so it is not possible to judge whether it needs to be warned in advance, so the fuzzy logic algorithm is used in the signal processing program [7] . Using dual input a, b single output c fuzzy logic controller, a represents the difference degree between the concentration and threshold of the sensor, b indicates the trend of the difference degree. In the case of gas concentration to divide fuzzy sets, a and b are divided into 3 sets respectively.
respectively, Show that there is almost no difference, there is a big difference, there is a very big difference;
, respectively, show that there is almost no deviation, the deviation trend decreases and the deviation trend increases. Corresponding to different gas concentrations and threshold in accordance with table 1 select whether to alarm.
Explosion Proof Design of the System
The coal mine explosion-proof electrical equipment must conform to the international standard GB3836.2-2000, the system nodes need to be designed for the class I electrical equipment of the 0 area, and the explosion-proof form is ia grade of the intrinsically safe type. Table 1. Alarm fuzzy rule table.   a  b  Whether alarm   A1  B1  Y  A1  B2  N  A1  B3  Y  A2  B1  N  A2  B2  N  A2  B3  Y  A3  B1  N  A3  B2  N  A3 B3 N Both the power supply and the load must be evaluated for intrinsically safe performance.Such as the design of its intrinsically safe power supply, in order to meet the principle of two-thirds, the reliability of the current limiter and the battery can be replaced by the overall replacement of the sealing unit, exposed intrinsically safe output terminals and charging terminals. In the aspect of physical isolation, shell protection grade can reach IP54.The overall equipment using waterproof, anti-corrosion, anti-electric radiation of the solid carbonate material.The shell adopts inner buckle type installation, using rubber pad as insulation. The antenna uses rubber sealing rings for explosion-proof isolation.The sensor responds to changes in the environmental parameters by detecting changes in the gas concentration of the sample chamber.The three anti-paint is sprayed on the circuit board surface.
System Testing and Results Display Fixed Node Environment Parameter
In the laboratory a simulation environment is built. By artificially changing the environmental parameters of the node to test the system environment monitoring stability and early warning function.Part of the environmental parameters and warnings are shown in Table 2 . Taking gas concentration as an example, the threshold is set to 1%, the gas concentration artificially is increased, the system realizes the advance alarm at a concentration of 0.91%, and the threshold is set to 1.5% again after the alarm is released, the system also realizes the warning.
The test results show that the system can monitor the environmental parameters reliably and continuously, and have good early warning function.
Personnel Positioning Test
In the Matlab environment, the weighted centroid algorithm and the RSSI-LQI weighted centroid algorithm are simulated. The simulation environment is 50m * 1000m area,the path loss factor is set to 36,30 anchor nodes, 100 unknown nodes,run 10 times to take the average as the experimental result.For more intuitive display of positioning errors, the resulting part of the unknown node coordinates drawn into a map. As shown in Figure 9 ,the staff coordinates obtained by the RSSI-LQI weighted centroid algorithm are in good agreement with the actual coordinates, while the deviation of the weighted centroid algorithm is larger, RSSI-LQI weighted centroid algorithm is superior to the performance of ordinary weighted centroid algorithm.
By using large number of experimental data for statistics we can found that when the distance between the unknown node and the anchor node is relatively close, the error is small. The average error of the unknown nodes coordinate obtained by the RSSI-LQI weighted centroid algorithm is within 2.1m.The accuracy of the original algorithm is improved.
Conclusion
The hierarchical network topology of this system can improve the efficiency of routing protocols and MAC protocols, laying the foundation for data fusion, time synchronization and target location.The early warning function of the system allows the mine staff to take early measures to reduce the damage. The explosion-proof function also increased its safety in coal mines. The overall solution to the original system wiring complex, poor flexibility,poor early warning capability and other shortcomings. At the same time, the RSSI-LQI weighted centroid algorithm is proposed, which effectively improves the positioning accuracy and has a good application prospect.
